U.S. SN 08/822,170 

hydrogen atoms having a binding energy of about E b = 13.6/n 2 eV, where n is a 
fraction whose numerator is 1 and a denominator is an integer greater than 1]. 



Claim 54, line 1 , replace "maintains" with -| - is constructed and arranged to be capable of 
maintaining -f=: — — — — 



\)^ (Amended) A cell according to claim ^b^whereby said gaseous hydrogen atoms 

are formed in the cell by reacting] further comprising a source of hydrogen atoms 
including molecules containing hydrogen atoms, and a second catalyst for 
disassociating said molecules to produce hydrogen atoms. 

(Amended) A cell according to claim £6, wherein said second catalyst [is] comprises 
at least one element selected from the group consisting of transition elements, [and] 
innertransition elements, precious metals, refractory metals, lanthanides , actinides, 
and activated charcoal . 

5^. (Amended) A cell according to claim £2^wherein said gaseous catalyst is formed 
from a source of gaseous catalyst which is adapted to sublime, boil, or volatize 
when heated. 

ds^. (Amended) A cell according to claim £2^ [whereby] wherein said vessel includes 
temperature controlling structure capable of maintaining [maintains a] an atomic 
hydrogen partial pressure of less than about 1 torr. 

7e^. (Amended) A cell according to claim £2, wherein said vessel includes temperature 
controlling structure capable of maintaining [maintains] said catalyst in molten form. 
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(Amended) A cell according to claim f^Z? wherein said vessel includes temperature 
controlling structure capable of maintaining the temperature of said vessel [is 
maintained] at about 50°C above the melting point of said gaseous catalyst. 

?x. (Amended) A cell according to claim 52, wherein said vessel is constructed and 
arranged to be capable of maintaining the hydrogen partial pressure in said vessel 
[is maintained] at about 200 millitorr. 

& $ 

73. (Amended) A cell according to claim $o, wherein said vessel includes temperature 
controlling structure capable of maintaining the temperature of said vessel [is 
maintained] at about 50°C above the [higher] melting point of [compounds of] the 
compound having the highest melting point of a plurality of compounds which 
comprise a source [two cations comprising said cation pair] of said gaseous 
catalyst. 



Claim 74, line 1, delet^selectively". 



Claim 75, line 1, delete "selectively". 




0*0 I 

7§. (Amended) A cell according to claim £2f wherein said vessel includes temperature 
controlling structure to control a temperature of said vessel [the vapor pressure of 
said gaseous catalyst varies with temperature]. 



v>1 > 

s\ 1\ (Amended) A cell according to claim further comprising a catalyst reservoir 



communicating with said reaction vessel, said catalyst reservoir containing said 
gaseous catalyst or a source [thereof] of gaseous catalyst . 



Claim 84, line 1 , repl^cfe "832" with - - 82 - -. 
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(Amended) A cell according to claim yZ, wherein said source of hydrogen atoms 
comprises a tungsten capillary constructed and arranged to be heated [to between 
1800 and 2000K] for dissociating molecules containing hydrogen atoms to produce 
said gaseous hydrogen atoms. 



Claim 91 , line 2, replace "energy" with - - power - 



(Amended) A method for extracting energy from hydrogen atoms comprising the 
steps of: 

providing a gaseous catalyst having a net enthalpy of reaction of about 27 
* (p/2) eV, where p is an integer greater than 1 ; 
providing gaseous hydrogen atoms; and 

reacting said gaseous catalyst with said gaseous hydrogen atoms, thereby 
releasing energy from said gaseous hydrogen atoms [producing hydrogen atoms 
having a binding energy of about E b = 13.6/n 2 eV, where n is a fraction whose 
numerator is 1 and a denominator is an integer greater than 1 , 

said reaction occurring at a pressure less than atmospheric pressure]. 



Claim 94, line 2, replat5e "catalyst" with - - second catalyst - 



Claim 107, second line, delete "said" 




Please add new claims 108-551 as follows. 



- l\8^A cell according to claim ^wherein said source of gaseous catalyst comprises 
an ionic compound which is resistant to hydrogen reduction and which is adapted to 
sublime, boil or become volatile when heated. 
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109. A cell according to claim 52fwherein said source of gaseous catalyst comprises an 
ionic compound which is adapted to sublime, boil or become volatile when heated. 

1;KJ. A cell according to claim £2? wherein said source of gaseous catalyst comprises an 
ionic compound which is resistant to thermal degradation. 

\yC. A cell according to claim 5Z, wherein said gaseous catalyst is formed from at least 
one metal selected from the group consisting of Mo, Ti, and Rb. 

i 

1>2. A cell according to claim $2, wherein said gaseous catalyst is formed from at least 
one salt selected from the group consisting of Mol 2 , TiCI 2 , TiCI 4 , SnCI 4 , SiCI 4 , PrBr 3 , 
CaBr 2 , SrCI 2 , Crl 2 , Tbl 3 , SbCI 3 , CrF 3 , CoCI 2 , BiCI 3 , NiCI 2 , PdF 2 , InCI, LaCI 3 , DyCI 3 , 
Lal 3 , Hol 3 , KN0 3I VF 3> PbF 2 , VOCI, Pbl 2 , LuCI 3 , PbCI 2 , Asl 3 , Hol 3 , MoCI 5 , SnCI 4 , Sbl 3 , 
Cdl 2 , AgF 2 , AgF, Lal 3 , Erl 3 , VCI 4 , BCI 3 , FeCI 3 , TiCI 3 , Col 2 , CoF 2 , Til, TIF, BiBr 3 , ZnBr 2 , 
Asl 3 , Dyl 3 , HoCI 3 , MgCI 2 , CrCI 3 , PrCI 3 , SrCI 2 , FeCI 2 , NiCI 2 , CuCI, SrCI 2 , MoCI 2 , YCI 3 , 
ZrCI 4 , Cdl 2 , Bal 2 , Hol 3 , Pbl 2 , PdF 2 , LiF, EuCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , 
BiCI 4 , AICI 3 , CaBr 2 , SmBr 3 , VaF 3 , LaCI 3 , Gdl 3 , Crl 2 , Mnl 2 , YbBr 3 , FeBr 2 , NiCI 2 , AgCI, 
ZnCI 2 , YbCI 2 , SeF 4 , SnCI 4 , SnF 4 , Sbl 3 , Bil 2 , EuF 3 , and PbCI 2 . 

MM \ 
\y£. A cell according to claim £2^ wherein said catalyst comprises potassium and has a 

net enthalpy of reaction of 27.28 eV. 

1^4! A cell according to claim §Z, wherein said catalyst has a net enthalpy of reaction of 
about 27.2 eV. 

A cell according to claim 52, wherein said cell comprises a source of said gaseous 
catalyst combined with at least one of a hydrocarbon or water disposed such that 
said gaseous catalyst and said gaseous hydrogen atoms are capable being formed 
during combustion. 
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A cell according to claim pZ, further comprising a means for converting a source of 
catalyst to said gaseous catalyst. 

iyr. A cell according to claim V)J&f wherein said means for converting said source of 
catalyst to said gaseous catalyst comprises at least one of heat, electron-beam 
energy, photon energy, acoustic energy, electric field, or magnetic field. 

i ] > 

\)%. A cell according to claim further comprising a filament coated with a source of 
gaseous catalyst. 

& L 

1 y&. A cell according to claim 5Z, further comprising a source of gaseous hydrogen 
atoms is selected from the group consisting of hydrogen gas, water, hydrides, 
metal-hydrogen solutions, and hydrocarbons. 

j2D. A cell according to claim >H$, further comprising means to disassociate water to 
form gaseous hydrogen atoms. 

C" J- 

^2T. A cell according to claim £2, further comprising a hot filament and a hydrogen 
containing gas stream. 

A cell according to claim $2, further comprising a hot grid and a hydrogen containing 
gas stream. 

1^9C A cell according to claim £2, further comprising a heated tungsten capillary and a 
hydrogen containing gas stream. 

T2^. A cell according to claim further comprising a hydride maintained under 
nonequilibrium conditions. 
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6% \ 

A cell according to claim £2^further comprising an inductively coupled plasma flow 

tube and a hydrogen gas containing stream. 

si \ 

A cell according to claim ^ further comprising means to reform hydrocarbons to 
at least one of gaseous molecular and gaseous atomic hydrogen. 

127? A cell according to claim wherein said second catalyst is treated with an 
aqueous solution of K 2 C0 3 and H 2 0 2 

1 A cell according to claim further comprising a temperature controlling structure 
capable of maintaining a selected atomic hydrogen partial pressure by controlling 
the temperature of said second catalyst. 

12§T A cell according to claim wherein said temperature controlling structure is at 
least one selected from the group consisting of an internal heater, an external 
heater, the catalysis of hydrogen, and a heat exchangerwhich removes energy from 
the cell. 

fsp. A cell according to claim £2f further comprising a source of UV light for 
disassociating hydrogen containing molecules to form said gaseous hydrogen 
atoms. 

TS^1. A cell according to claim ^ further comprising a means for pyrolysis of 
hydrocarbons or water to form said gaseous hydrogen atoms. 

T$£. A cell according to claim $6*, wherein said second catalyst comprises at least one 
selected from the group consisting of an element, compound, alloy or mixture of 
transition elements, inner transition elements, iron, platinum, palladium, zirconium, 
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vanadium, nickel, titanium, Sc, Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, 
La, Hf, Ta, W, Re, Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Vb, Lu, Th, Pa, U, activated charcoal, and intercalated Cs carbon. 

p& A cell according to claim further comprising a heater to heat said second 
catalyst. 

A cell according to claim further comprising a filament or grid constructed and 
arranged to dissociate hydrogen and to heat said second catalyst. 

1 p5T A cell according to claim ^further comprising means for controlling the power 
output of said cell. 

1 jH£ A cell according to claim 1^6^ wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of said second catalyst. 

y$f. A cell according to claim IjJfjf wherein said means for controlling the temperature 
of said second catalyst comprises a filament or grid. 

1 jJ8t A cell according to claim §Zf further comprising a flow control means for controlling 
the flow of a source of gaseous hydrogen atoms or said gaseous hydrogen atoms 
from said chamber to said reaction vessel. 

-a i 

p§C A cell according to claim ^ further comprising a flow control means for controlling 
the flow of hydrogen from said reaction vessel. 

^ n\ 

T4Q. A cell according to claim 1^ wherein said flow control means comprises a valve. 
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A cell according to claim ^further comprising a vacuum pump constructed and 



1 



arranged for controlling the flow of hydrogen from said reaction vessel. 



0$ ^ 

1^2. A cell according to claim ^8? further comprising a flow control means for controlling 
the flow of catalyst from said catalyst reservoir to said reaction vessel. 

1^3. A cell according claim ^ further comprising means for controlling the flow of said 
gaseous catalyst from said reaction vessel. 

l\4. A cell according to claim 1^3*, wherein said means for controlling the flow of said 
gaseous catalyst from said reaction vessel comprises a valve. 

145. A cell according to claim 5£, further comprising a vacuum pump constructed and 
arranged for controlling the flow of said gaseous catalyst from said reaction vessel. 

1*1 \ 

1^6. A cell according to claim further comprising a nonreactive gas. 

1y . A cell according to claim 5^, further comprising a means for controlling the amount 
of a nonreactive gas in said reaction vessel. 

A cell according to claim 3?, further comprising flow control means for controlling 
the flow of a nonreactive gas into said reaction vessel. 

1\9. A cell according to claim 1>HJ, wherein said means for controlling the amount of 
nonreactive gas in said vessel comprises a valve constructed and arranged to 
regulate the flow of said nonreactive gas into said reaction vessel. 
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IJiflf^A cell according to claim further comprising at least one of a valve or pump 
constructed and arranged for controlling the flow of a nonreactive gas from said 
reaction vessel. 

1 51. A cell according to claim further comprising a pump in communication with said 
reaction vessel. 

f$£. A cell according to claim §Z, further comprising structure for controlling the vapor 
pressure of said catalyst. 

T53. A cell according to claim wherein said structure for controlling the vapor 
pressure of said catalyst comprises a heater constructed and arranged to control 
the temperature of said reaction vessel. 

i5$. A cell according to claim 52; further comprising structure for maintaining a selected 
vapor pressure of said gaseous catalyst or source of said gaseous catalyst. 

f^5. A cell according to claim further comprising structure for maintaining a selected 
vapor pressure of said gaseous catalyst or source of gaseous catalyst. 

cf\ iff 

f^6J A cell according to claim 155^ wherein said structure for maintaining a selected 
vapor pressure of said gaseous catalyst or source of gaseous catalyst comprises 
a valve constructed and arranged for controlling the flow of said source of gaseous 
catalyst or gaseous catalyst from said catalyst reservoir and a valve constructed 
and arranged for controlling the flow of said source of gaseous catalyst or gaseous 
catalyst from said reaction vessel. 

1sj7. A cell according to claim wherein said structure for maintaining a selected 
vapor pressure of said source of gaseous catalyst or said gaseous catalyst 

10 
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comprises a valve constructed and arranged for controlling the flow of said source 
of gaseous catalyst or gaseous catalyst from said reaction vessel. 

1^£f. A cell according to claim 52; further comprising a valve for releasing hydrogen 
atoms having a binding energy of about E b = 1 3.6/n 2 eV, where n is a fraction whose 
numerator is 1 and denominator is an integer greater than 1 or a compound 
containing said hydrogen atoms from said reaction vessel. 

A cell according to claim §2^ further comprising means for adsorbing energy 
released from said hydrogen atom. 

*°& \ 

IjBO. A cell according to claim ^21 wherein said vessel comprises an internal combustion 
chamber. 

<\2> 

\^K. A cell according to claim 1£6C wherein said internal combustion chamber is an 
engine cylinder. 

Xp£. A cell according to claim £2f further comprising means for controlling the power 
output of said cell. 

f6£. A cell according to claim wherein said means for controlling the power output 
of said cell comprises means for controlling the amount of said gaseous catalyst. 

flS^f. A cell according to claim |6Sf wherein said means for controlling the amount of 
gaseous catalyst comprises means for controlling the temperature of said vessel 
and said gaseous catalyst is selected to have a vapor pressure dependent upon the 
temperature of said reaction vessel. 
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165T A cell according to claim IpZ, wherein said means for controlling the power output 
of said cell comprises means for controlling the flow of a source of gaseous catalyst 
or gaseous catalyst from said reaction vessel. 

fB^. A cell according to claim 1^2\ wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of a source of catalyst. 

1^7. A cell according to claim 1p2ffwherein said means for controlling the power output 
of said cell comprises means for controlling the amount of said gaseous hydrogen 
atoms or a source of gaseous hydrogen atoms in said vessel. 

vol 45 

A cell according to claim 1J^, wherein said means for controlling the power output 
of said cell comprises means for controlling the flow of gaseous hydrogen atoms or 
source of said hydrogen atoms into said reaction vessel. 

Vfl > Of} 

1(^9. A cell according to claim wherein said means for controlling the power output 

of said cell comprises means for controlling the flow of gaseous hydrogen atoms or 
source of said hydrogen atoms from said reaction vessel. 

\0 oft 

t^O. A cell according to claim 1p2^ wherein said means for controlling the power output 
of said cell comprises controlling the amount of said nonreactive gas present in said 
reaction vessel. 

1XJ. A cell according to claim 17\0, wherein said means for controlling the amount of 
nonreactive gas comprises means for controlling the flow of said nonreactive gas 
into said reaction vessel. 
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172. "A cell according to claim 170, wherein said means for controlling the amount of 
nonreactive gas comprises means for controlling the flow of said nonreactive gas 
from said reaction vessel. 

<xb 

A cell according to claim 1^, wherein said means for controlling the power output 
of said cell comprises means for controlling the flow of a hydrogen containing gas 
over at least one of a hot filament, a tungsten capillary heated by electron 
bombardment, or an inductively coupled plasma flow. 

1 X4. A cell according to claim 1 £2, wherein said means for controlling the power output 
of said cell comprises means for controlling the power dissipated in an inductively 
coupled plasma flow tube. 

1 \5. A cell according to claim 1J82, wherein said means for controlling the power output 
of said cell comprises means for controlling the power dissipated in a hot filament, 
grid, or tungsten capillary heated by electron bombardment. 

1 Y6. A cell according to claim yd2, wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of a hot filament, grid 
or tungsten capillary heated by electron bombardment over which a hydrogen 
containing gas flows. 

\\P °ft 

1^7. A cell according to claim wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of a hydride maintained 
under nonequilibrium conditions. 

l\8. A cell according to claim £fiC further comprising means for controlling the power 
output of said cell. 
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179. A cell according to claim wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of said catalyst 
reservoir and said gaseous catalyst is selected to have a vapor pressure dependent 
upon the temperature of said catalyst reservoir. 

1$0. A cell according to claim 1 ^6, wherein said means for controlling the power output 
of said cell comprises means for controlling the flow of said source of gaseous 
catalyst or gaseous catalyst from said catalyst reservoir into said reaction vessel. 

181- A cell according to claim £2, further comprising a boat contained within said reaction 
chamber, said boat containing a source of gaseous catalyst or said gaseous 
catalyst. 

1)32. A cell according to claim 1/H, further comprising a means for controlling the power 
of said cell. 

\\^ \ I 

^{53. A cell according to claim 1#1^ wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of said boat and said 
gaseous catalyst is selected to have a vapor pressure dependent upon the 
temperature of said boat. 

184. A cell according to claim J&[ further comprising means for measuring the 
temperature of said catalyst reservoir. 

A cell according to claim further comprising means for measuring the 
temperature of said boat. 
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186. A cell according to claim J8\ further comprising a means for measuring the 
temperature of said source of said gaseous catalyst contained in said catalyst 
reservoir. 

l#f. A cell according to claim further comprising a means for measuring the 
temperature of said source of said gaseous catalyst contained in said boat. 

Ij&S. A cell according to claim £2, further comprising means for measuring the 



temperature of said reaction vessel. 



. A cell according to claim 52, further comprising means for measuring the 



temperature of a source of said gaseous hydrogen atoms. 

t^€. A cell according to claim £6, further comprising means for measuring the 
temperature said second catalyst. 

y$\. A cell according to claim 52, further comprising means to measure the cell 



N 192. 



temperature. 



1^. A cell according to claim IjJ-Y, further comprising temperature controlling structure 
constructed and arranged to maintain a temperature in said reaction vessel greater 
than a temperature in said catalyst reservoir. 

A cell according to claim further comprising temperature controlling structure 
constructed and arranged to maintain a temperature in said reaction vessel greater 
than a temperature in said boat. 

ts^. A cell according to claim 52*, further comprising temperature controlling structure 
for maintaining a selected temperature of said reaction vessel. 
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1,95. A cell according to claim £2, further comprising a nebulizer or atomizer. 

1£6. A cell according to claim further comprising means to measure the pressure in 
said reaction vessel. 

1,97. A cell according to claim £2, further comprising means to measure the hydrogen 



pressure in said reaction vessel. 



1£8. A cell according to claim further comprising means to measure the gaseous 
catalyst pressure in said reaction vessel. 

1^9. A cell according to claim §2; wherein said vessel is capable of containing a pressure 
within the range of 10' 3 atmospheres to 100 atmospheres. 

200. A cell according to claim §2, further comprising a vacuum pump in communication 
with said vessel and said vessel being constructed and arranged to contain 
pressures less than atmospheric. 

2j3i . A cell according to claim ^further comprising a temperature controlling structure 
capable of maintaining a temperature in the said reaction vessel that is greater than 
a temperature of said catalyst reservoir. 

£02. A cell according to claim JS, further comprising temperature controlling structure 
capable of maintaining said source of gaseous catalyst in a molten form. 

^3. A cell according to claim 1/rf , further comprising temperature controlling structure 
capable of maintaining said source of gaseous catalyst in a molten form. 
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204. A cell according to claim 1JS, further comprising temperature controlling structure 
capable of maintaining the temperature of said catalyst reservoir at about 50°C 
above the melting point of said gaseous catalyst. 



V 



^Q5. A cell according to claim £2f further comprising temperature controlling structure 
capable of maintaining the temperature of said reaction vessel at about 50°C above 
the melting point of a source of gaseous catalyst. 

ZB£. A cell according to claim 1^1, further comprising temperature controlling structure 
capable of maintaining the temperature of said boat at about 50°C above the 
melting point of said gaseous catalyst. 

2^7. A cell according to claim 6fi further comprising a catalyst reservoir in 
communication with said reaction vessel and temperature controlling structure 
capable of maintaining the temperature of said catalyst reservoir at about 50°C 
above the melting point of the compound having the highest melting point of a 
plurality of compounds which comprise said source of gaseous catalyst. 

^ p 

208. A cell according to claim £o, further comprising a boat contained in said reaction 
vessel and temperature controlling structure capable of maintaining the temperature 
of said boat at about 50°C above the melting point of the compound having the 
highest melting point of a plurality of compounds which comprise said source of 
gaseous catalyst. 

^9. A cell according to claim j4, further comprising temperature controlling structure 
capable of maintaining the temperature of said reaction vessel at about 50°C above 
the melting point of said gaseous catalyst. 
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2 to. A cell according to claim £o, further comprising a catalyst reservoir containing said 
source of gaseous catalyst and being in communication with said reaction vessel, 
and temperature controlling structure capable of maintaining the temperature of said 
reaction vessel at about 50°C above the melting point of the compound having the 
highest melting point of a plurality of compounds which comprise said source of 
gaseous catalyst. 

y<\. A cell according to claim po, further comprising a boat containing said source of 
gaseous catalyst and being disposed in said reaction vessel, and temperature 
controlling structure capable of maintaining the temperature of said reaction vessel 
at about 50°C above the melting point of the compound having the highest melting 
point of a plurality of compounds which comprise said source of gaseous catalyst. 

2>2. A method according to claim 9X further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising an ionic 
compound which is resistant to hydrogen reduction. 

2>3. A method according to claim p^, further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising an ionic 
compound which is resistant to hydrogen reduction and which is adapted to 
sublime, boil or become volatile when heated. 

2^4. A method according to claim further comprising the step of forming said 
gaseous compound from a source of gaseous catalyst comprising an ionic 
compound which is adapted to sublime, boil or become volatile when heated. 

2^5. A method according to claim 92, further comprising the step of forming said 
gaseous compound from a source of gaseous catalyst comprising an ionic 
compound which is resistant to thermal degradation. 
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£fo. A method according to claim 9J2f further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising a salt of 
rubidium or potassium. 

2^f! A method according to claim S# further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising a salt that 
can form a vapor comprising ions when heated. 

2V%. A method according to claim 9^, further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising a salt of 
rubidium selected from the group consisting of RbF, RbCI, RbBr, Rbl, Rb 2 S 2 , RbOH, 
Rb 2 S0 4 , Rb 2 C0 3 , and Rb 3 P0 4 . 

2\9. A method according to claim $2*, further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising a salt of 
\ potassium selected from the group consisting of KF, KCI, KBr, Kl, K 2 S 2 , KOH, 
K 2 S0 4 , K 2 C0 3 , K 3 P0 4 , and K 2 GeF 4 . 

2^0. A method according to claim §2^ further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising at least one 
metal selected from the group consisting of Mo, Ti, and Rb. 

2^1. A method according to claim 9^ further comprising the step of forming said 
gaseous hydrogen atoms from a source of gaseous catalyst comprising at least one 
salt selected from the group consisting of Mol 2 , TiCI 2 , TiCI 4 , SnCI 4 , SiCI 4> PrBr 3 , 
CaBr 2 , SrCI 2l Crl 2 , Tbl 3 , SbCI 3 , CrF 3 , CoCI 2 , BiCI 3 , NiCI 2 , PdF 2 , InCI, LaCI 3 , DyCI 3 , 
Lal 3 , Hol 3 , KN0 3) VF 3 , PbF 2 , VOCI, Pbl 2 , LuCI 3 , PbCI 2 , Asl 3 , Hol 3 , MoCI 5 , SnCI 4 , Sbl 3 , 
Cdl 2l AgF 2 , AgF, Lal 3 , Erl 3 , VCI 4 , BCI 3 , FeCI 3 , TiCI 3 , Col 2 , CoF 2 , Til, TIF, BiBr 3 , ZnBr 2 , 
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Asl 3 , Dyl 3 , HoCI 3 , MgCI 2 , CrCI 3> PrCI 3 , SrCI 2 , FeCI 2 , NiCI 2 , CuCI, SrCI 2 , MoCI 2> YCI 3 , 
ZrCI 4 , Cdl 2) Bal 2 , Hol 3 , Pbl 2 , PdF 2 , LiF, EuCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , 
BiCI 4 , AICI3, CaBr 2 , SmBr 3 , VaF 3 , LaCI 3 , Gdl 3 , Crl 2 , Mnl 2 , YbBr 3 , FeBr 2 , NiCI 2 , AgCI, 
ZnCI 2 , YbCI 2 , SeF 4 , SnCI 4 , SnF 4 , Sbl 3 , Bil 2 , EuF 3 , and PbCI 2 . 

22£. A method according to claim £2f, wherein said gaseous catalyst comprises at least 
one ion selected from the group consisting of Mo 2 \ Ti 2+ , and Rb + . 

223. A method according to claim 92, wherein said gaseous catalyst comprises at least 
one pair of ions selected from the group consisting of: (Sn 4+ , Si 4+ ), (Pr 3 *, Ca 2+ ), (Sr 2 * 
Cr 2 *), (Cr 3 *, Tb 3+ ), (Sb 3+ ,Co 2+ ), (Bi 3+ , Ni 2+ ), (Pd 2 \ ln + ), (La 3+ , Dy 3+ ), (La 3+ , Ho 3+ ), (K + 
K + ) , (V 3+ , Pd 2+ ), (Lu 3+ , Zn 2+ ), (As 3+ , Ho 3+ ), (Mo 5+ , Sn 4+ ), (Sb 3+ , Cd 2+ ), (Ag 2+ ,Ag + ), (La 3+ 
Er 3 *), (V 4+ , B 3+ ), (Fe 3+ , Ti 3+ ), (Co 2+ , Ti + ), (Bi 3+ , Zn 2+ ), (As 3+ , Dy 3+ ), (Ho 3+ , Mg 2+ ), (K + 
Rb + ), (Cr 3 *, Pr 3 *), (Sr 2 *, Fe 2+ ), (Ni 2 \ Cu + ), (Sr 2 *, Mo 2+ ), (Y 3+ , Zr 4 *), (Cd 2+ , Ba 2+ ), (Ho 3+ 
Pb 2+ ), (Pt) 2+ , Li + ), (Eu 3+ , Mg 2+ ), (Er 3 *, Mg 2+ ), (Bi 4+ , Al 3+ ), (Ca 2+ , Sm 3+ ), (V 3+ , La 3+ ) 
(Gd 3+ , Cr 2 *), (Mn 2+ , Ti + ), (Yb 3+ , Fe 2+ ), (Ni 2+ , Ag + ), (Zn 2+ , Yb 2+ ), (Se 4+ , Sn 4+ ), (Sb 3+ , Bi 2+ ) 
and (Eu 3+ , Pb 2+ ). 

2^4. A method according to claim further comprising the step of forming said 
gaseous catalyst from a source of gaseous catalyst comprising a salt of one or more 
cations and at least one anion selected from the group consisting of halides, 
sulfates, phosphates, carbonates, hydroxide and sulfides. 

2^5. A method according to claim $2^ wherein said gaseous catalyst is selected to have 
a resonant adsorption with the energy released from said gaseous hydrogen atoms 
undergoing a transition to a lower energy state. 

2^6. A method according to claim $2, wherein said gaseous catalyst comprises 
potassium and has a net enthalpy of reaction of 27.28 eV. 
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22?. A method according to claim 92^ wherein said gaseous catalyst has a net enthalpy 
of reaction of about 27.2 eV. 

2^8. A method according to claim 92, further comprising the step of combining a source 
of gaseous catalyst with a source of gaseous hydrogen atoms comprising at least 
one of a hydrocarbon or water, and providing combustion which volatizes said 
source of gaseous catalyst to form said gaseous catalyst and provide said gaseous 
hydrogen atoms. 

2£9. A method according to claim 9/, further comprising the step of forming a source of 
gaseous catalyst or said gaseous catalyst in situ. 

2B0. A method according to claim 229, wherein said step of forming said source of 
gaseous catalyst or said gaseous catalyst in situ comprises the ionization of a 
reactant. 

2p1 . A method according to claim £3tffwherein said step of ionization comprises thermal 
ionization of said reactant. 

2^2. A method according to claim 230, wherein said step of ionization comprises 



chemical ionization of said reactant. 

[Yd 



A method according to claim ,232"*, wherein said step of chemical ionization 
comprises oxidation or reduction of said reactant. 

2^4. A method according to claim 92? further comprising the step of volatizing a source 
of catalyst to form said gaseous catalyst utilizing energy from at least one of heat, 
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electron-beam energy, photon energy, acoustic energy, electric field, or magnetic 
field. 

A method according to claim ^2? wherein said the step of volatizing a source of 
catalyst comprises the step of heating a filament coated with said source of gaseous 
catalyst. 

^6. A method according to claim ^ further comprising adding a source of catalyst to 
said reaction vessel and heating said source of catalyst to form said gaseous 
catalyst. 

Q Z87. A method according to claim $2?, further comprising the step of providing a source 
of catalyst in a catalyst reservoir comprising a container separate from said vessel 
and said container communicates with said reaction vessel. 

2^8. A method according to claim 92^ further comprising the step of providing a source 
of catalyst in a boat contained within said reaction vessel. 

\X) \^) 
2^9. A method according to claim wherein said step of providing hydrogen atoms 

comprises the steps of disassociating a hydrogen containing compound into 

hydrogen atoms. 

'ASS 

240. A method according to claim ^ wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas over a hot filament. 

2^-1. A method according to claim ^Z, wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas over a hot grid. 
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£42. A method according to claim y£ y wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas through a tungsten 
capillary heated by electron bombardment. 

A method according to claim ^Z, wherein said step of providing hydrogen atoms 
comprises the steps of maintaining a hydride under nonequilibrium conditions. 

24^. A method according to claim £4*, wherein said second catalyst comprises at least 
one element selected from the group consisting of transition elements, inner 
transition elements, precious metals, refractory metals, lanthanides, actinides and 
activated charcoal. 

%45. A method according to claim wherein said second catalyst is selected from the 
group consisting of an element, compound, alloy or mixture of transition elements, 
inner transition elements, iron, platinum, palladium, zirconium, vanadium, nickel, 
titanium, Sc, Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W, Re, 
Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Vb, Lu, Th, Pa, U, 
activated charcoal, and intercalated Cs carbon. 

A method according to claim 94? further comprising the step of utilizing a hot 
filament or hot grid to disassociate a hydrogen containing gas into gaseous 
hydrogen atoms and to heat said second catalyst. 

24? . A method according to claim further comprising the step of controlling the power 
output of said cell. 

£48. A method according to claim 9< wherein said step of controlling the power output 
of said cell comprises controlling the temperature of said second catalyst. 
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24Q. A method according to claim 2^5, wherein said step of controlling the temperature 
of said second catalyst comprises utilizing a heated filament or grid. 

2&6. A method according to claim £2^ further comprising the step of forming said 
gaseous hydrogen atoms from at least one source of gaseous hydrogen atoms 
selected from the group consisting of hydrogen gas, water, hydrides, metal- 
hydrogen solutions, and hydrocarbons. 

^1 . A method according to claim ^ wherein said step of providing gaseous hydrogen 
atoms comprises pyrolyzing hydrocarbons or water. 

£82. A method according to claim ^ further comprising the step of reforming 
hydrocarbons to at least one of gaseous molecular and gaseous atomic hydrogen. 

2&i. A method according to claim 9^ further comprising the step of disassociating 
hydrogen containing molecules using UV light to form said gaseous hydrogen 
atoms. 

2£4. A method according to claim 92, further comprising the step of controlling the 
amount of gaseous hydrogen provided in said reaction vessel. 

2£5/ A method according to claim ^further comprising the step of controlling the flow 
of a source of gaseous hydrogen atoms or said gaseous hydrogen atoms from a 
chamber to said reaction vessel. 

A method according to claim further comprising the step of utilizing a valve for 
controlling the flow of gaseous hydrogen or source of gaseous hydrogen from said 
reaction vessel. 
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A method according to claim ^further comprising the step of controlling the flow 
of gaseous hydrogen from said reaction vessel. 

Mb ^3 

258. A method according to claim 9# further comprising the step of utilizing a vacuum 
pump for controlling the flow of gaseous hydrogen from said reaction vessel. 

Ml ^ 

2\59. A method according to claim 9^ further comprising the step of utilizing a valve for 
controlling the flow of gaseous hydrogen from a chamber into said reaction vessel. 

2(50. A method according to claim 9^ further comprising controlling the partial pressure 
of said gaseous hydrogen atoms. 

2§1. A method according to claim ^ wherein a partial pressure of said gaseous 
hydrogen atoms or source of gaseous hydrogen atoms in said reaction vessel is 
maintained within the range of 10" 3 atmospheres to 100 atmospheres. 

2§2. A method according to claim ^z, further comprising controlling the amount of 
gaseous catalyst or a source of gaseous catalyst introduced into said reaction 
vessel. 

2^3. A method according to claim 92T further comprising controlling the flow of gaseous 
catalyst or a source of gaseous catalyst from a catalyst reservoir containing 
gaseous catalyst or a source of gaseous catalyst to said reaction vessel. 

^§4. A method according to claim 92^ further comprising controlling the flow of gaseous 
catalyst or a source of gaseous catalyst from a boat containing gaseous catalyst or 
a source of gaseous catalyst. 
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2§5. method according to claim QZ, further comprising the step of controlling the flow 
of said gaseous catalyst or a source of gaseous catalyst from said reaction vessel. 

2^6. A method according to claim 92, further comprising the step of controlling the vapor 
pressure of said gaseous catalyst or a source of gaseous catalyst in said reaction 
vessel. 

267. A method according to claim wherein a vapor pressure of said gaseous catalyst 
or a source of gaseous catalyst is maintained at about 50 to 210 millitorr. 

2q8. A method according to claim further comprising using a vacuum pump to control 
the flow of said gaseous catalyst or a source of gaseous catalyst from said reaction 
vessel. 

2\>9. A method according to claim £2, further comprising using a valve to control the flow 
of a source of gaseous catalyst or a source of gaseous catalyst from a catalyst 
reservoir into said reaction vessel. 

A method according to claim <^f, further comprising using a valve to control the flow 
of a source of gaseous catalyst or said catalyst from said reaction vessel. 



2l[0. 



471. A method according to claim 92, fui 



(71. A method according to claim $x£ further comprising the step of supplying a 
nonreactive gas to said reaction vessel. 

2i[2. A method according to claim 271 , further comprising the step of controlling the 
vapor pressure of said nonreactive gas in said reaction vessel. 

273. A method according to claim 2^1 , further comprising the step of controlling the flow 
of said nonreactive gas supplied to said reaction vessel. 

26 
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274. A method according to claim ZH\ further comprising the step of controlling the 
amount of said nonreactive gas released from said reaction vessel. 

27£. A method according to claim ^71, further comprising utilizing a vacuum pump for 
controlling the flow of said nonreactive gas from said reaction vessel. 

2t6. A method according to claim , further comprising the step of utilizing a valve for 
controlling the flow of said nonreactive gas from said reaction vessel. 

2^7. A method according to claim £71 p further comprising the step of utilizing a valve for 
controlling the flow of said nonreactive gas into said reaction vessel. 

2^8. A method according to claim ^further comprising the step of controlling the vapor 
pressure of said gaseous catalyst in said reaction vessel. 

2<9. A method according to claim ^TBf, wherein said step of controlling the vapor 
pressure of said gaseous catalyst comprises controlling the temperature in a 
catalyst reservoir containing a source of gaseous catalyst or said gaseous catalyst 
and being in communication with said reaction vessel, and controlling the flow of 
gaseous catalyst from said catalyst reservoir. 

2&0. A method according to claim gTfC wherein said step of controlling the vapor 
pressure of said gaseous catalyst comprises controlling the temperature in a boat 
containing a source of gaseous catalyst or said gaseous catalyst and being 
contained in said reaction vessel, and controlling the flow of gaseous catalyst from 
said boat. 
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method according to claim further comprising the step of controlling the 
temperature in a catalyst reservoir containing a source of gaseous catalyst or said 
gaseous catalyst and being in communication with said reaction vessel. 

2^2. A method according to claim further comprising the step of controlling the 
temperature in a boat containing a source of gaseous catalyst or said gaseous 
catalyst and being contained in said reaction vessel. 

}3. A method according to claim 3?, wherein the reaction to provide a net enthalpy of 
about 27 (p/2) eV, where p is a positive integer greater than 1 , comprises an 
electrochemical, chemical, photochemical, thermal, free radical, sonic, nuclear, 
inelastic photon, or particle scattering reaction, or mixtures thereof. 

2^4. A method according to claim §2, wherein a pressure in said reaction vessel is 
maintained within the range of 10' 3 atmospheres to 100 atmospheres. 

2$5. A method according to claim 9£, wherein said reaction occurring at a pressure less 
than atmospheric pressure. 

2$6. A method according to claim ^2, further comprising the step of releasing hydrogen 
atoms from said reaction vessel having a binding energy of about E b = 13.6/n 2 eV, 
where n is a fraction whose numerator is 1 and denominator is an integer greater 
than 1 or a compound containing said hydrogen atoms. 

2^7. A method according to claim ^2, further comprising the step of adsorbing said 
released energy. 

2$8. A method according to claim further comprising the step of converting energy 
released from said hydrogen atom into electrical energy. 

28 
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2^9. A method according to claim 9^, wherein said reaction step is conducted in an 
internal combustion chamber. 

290. A method according to claim 92^ wherein said internal combustion chamber is an 

> 

engine cylinder. 

7>¥) \^ 

2§1 . A method according to claim ^ further comprising the step of controlling the power 
output of said cell. 

2. A method according to claim 2jK, wherein said step of controlling the power output 
of said cell comprises controlling the amount of said gaseous catalyst present in 
said reaction vessel. 

zQ3. A method according to claim 2j)2f wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the temperature of said reaction vessel and 
selecting said gaseous catalyst or source of gaseous catalyst to have a vapor 
pressure dependent upon the temperature of said reaction vessel. 

^ if 

2p4. A method according to claim ^92^ wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the temperature of a catalyst reservoir 
containing a source of gaseous catalyst or said gaseous catalyst and being in 
communication with said reaction vessel, and selecting said gaseous catalyst to 
have a vapor pressure dependent upon the temperature of said catalyst reservoir. 

295. A method according to claim 2J92, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the flow of said source of gaseous catalyst 
or gaseous catalyst from said catalyst reservoir into said reaction vessel. 
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A method according to claim ^92, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the flow of said source of gaseous catalyst 
or gaseous catalyst from said reaction vessel. 

2y7. A method according to claim ^02, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the temperature of a boat containing a 
source of gaseous catalyst or said gaseous catalyst and being contained in said 
reaction vessel, and selecting said gaseous catalyst to have a vapor pressure 
dependent upon the temperature of said boat. 

298. A method according to claim , wherein said step of controlling the power output 
of said cell comprises controlling the amount of said gaseous hydrogen atoms 
present in said reaction vessel. 

299. A method according to claim 2£€C wherein said step of controlling the amount of 
said gaseous hydrogen atoms comprises controlling the flow of gaseous hydrogen 
atoms or source of gaseous hydrogen atoms into said reaction vessel. 

300. A method according to claim 2^ wherein said step of controlling the amount of 
said source of gaseous hydrogen atoms or gaseous hydrogen atoms comprises 
controlling the flow of said source of gaseous hydrogen atoms or gaseous hydrogen 
atoms from said reaction vessel. 

3y1 . A method according to claim ?08, wherein said step of controlling the amount of 
said source of gaseous hydrogen atoms or gaseous hydrogen atoms comprises 
controlling the temperature of a second catalyst for dissociating a hydrogen 
containing compound into gaseous hydrogen atoms. 
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3CvT. A method according to claim , wherein said step of controlling the temperature 
of a second catalyst for dissociating a hydrogen containing compound into gaseous 
hydrogen atoms comprises controlling the power dissipated in a second catalyst 
heater. 

3*^3. A method according to claim £01, wherein said step of controlling the power output 
of said cell comprises controlling the amount of nonreactive gas in said reaction 
vessel. 

)4. A method according to claim wherein said step of controlling the amount of 
nonreactive gas in said reaction vessel comprises controlling the flow of nonreactive 
gas into said reaction vessel. 

305. A method according to claim wherein said step of controlling the amount of 
nonreactive gas in said reaction vessel comprises controlling the flow of nonreactive 
gas from said reaction vessel. 

306. A method according to claim £91 , wherein said step of controlling the power output 
of said cell comprises controlling the temperature of a source of gaseous catalyst. 
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307. A method according to claim ^1 , wherein said step of controlling the power output 
of said cell comprises controlling the flow of a hydrogen containing gas over at least 
one of a hot filament, a tungsten capillary heated by electron bombardment, or an 
inductively coupled plasma flow. 

308. A method according to claim 291 , wherein said step of controlling the power output 
of said cell comprises controlling the power dissipated in an inductively coupled 
plasma flow tube, hot filament or grid, or tungsten capillary heated by electron 
bombardment. 
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3Q9. A method according to claim 291, wherein said step of controlling the power output 
of said cell comprises controlling the temperature of a hot filament or tungsten 
capillary heated by electron bombardment over which a hydrogen containing gas 
flows. 

3^0. A method according to claim 2J9HI , wherein said step of controlling the power output 
of said cell comprises controlling the temperature of a hydride maintained under 
nonequilibrium conditions. 

3\1 1 . A method according to claim ^Z, wherein a temperature in said reaction vessel is 
maintained at a higher temperature than in a catalyst reservoir in communication 
with said reaction vessel or a boat contained within said reaction vessel. 

312. A method according to claim p^, further comprising the step of measuring the 
temperature of a catalyst reservoir in communication with said reaction vessel or a 
boat contained in said reaction vessel. 

13. A method according to claim 92, further comprising the step of measuring the 
temperature of a source of said gaseous catalyst contained in a catalyst reservoir 
in communication with said reaction vessel or a boat contained within said reaction 
vessel. 

3^4. A method according to claim further comprising the step of measuring the 
temperature of a chamber containing a source of said hydrogen atoms in 
communication with said reaction vessel. 

31^. A method according to claim $2, further comprising the step of measuring the 
temperature of a source of said gaseous hydrogen atoms. 
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3flo. A method according to claim 9/[, further comprising the step of measuring the 
temperature of said second catalyst. 

17. A method according to claim 9j£, further comprising the step of controlling the 
temperature of said reaction vessel. 

X1 8. A method according to claim §2, further comprising utilizing a nebulizer or atomizer 
to form said gaseous catalyst. 

method according to claim further comprising the step of measuring the 
pressure in said reaction vessel. 

3*20. A method according to claim 9^, further comprising the step of controlling the 
pressure in said reaction vessel. 

>1. A method according to claim 9/, further comprising the step of measuring the 
hydrogen pressure in said reaction vessel. 

3£2. A method according to claim $2, further comprising the step of measuring the 
gaseous catalyst pressure in said reaction vessel. 

323. A method according to claim &2, further comprising the step of converting energy 
released from said gaseous hydrogen atoms into electrical energy. 

Sj24. A method according to claim 92, further comprising controlling the pressure of said 
gaseous catalyst by controlling the amount of said source of catalyst being added 
to said reaction vessel. 
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cell for extracting energy from hydrogen atoms comprising: 
a reaction vessel; 

a source of gaseous hydrogen atoms; and 

a source of a gaseous catalyst having a net enthalpy of reaction of about 
27(p/2) eV, where p is an integer greater than 1 . 

3^6. A cell for extracting energy from hydrogen atoms comprising: 
a reaction vessel; 

a chamber communicating with said vessel, said chamber containing 
gaseous hydrogen atoms or a source of said hydrogen atoms; and 

a catalyst reservoir communicating with said reaction vessel or a boat 
contained in said reaction vessel, said catalyst reservoir or boat containing a 
gaseous catalyst having a net enthalpy of reaction of about 27 * (p/2) eV, where p 
is an integer greater than 1 , or a source of said gaseous catalyst. 

327. A cell according to claim 326, wherein said source of gaseous catalyst comprises 
an ionic compound which is resistant to hydrogen reduction. 

348. A cell according to claim 3^2o, wherein said source of gaseous catalyst comprises 
an ionic compound which is resistant to hydrogen reduction and which is adapted 
to sublime, boil or become volatile when heated. 

329. A cell according to claim 326, wherein said source of gaseous catalyst comprises 
an ionic compound which is adapted to sublime, boil or become volatile when 
heated. 

3^0. A cell according to claim 3^6, wherein said source of gaseous catalyst comprises 
an ionic compound which is resistant to thermal degradation. 
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3^1. A cell according to claim 326, wherein said source of gaseous catalyst comprises 
a salt of rubidium or potassium. 

3p2. A cell according to claim 3?6 f wherein said source of gaseous catalyst comprises 
a salt that can form a vapor comprising ions when heated. 

3$3. A cell according to claim ^6, wherein said source of gaseous catalyst comprises 
a salt of rubidium selected from the group consisting of RbF, RbCI, RbBr, Rbl, 
Rb 2 S 2 , RbOH, Rb 2 S0 4 , Rb 2 C0 3 , and Rb 3 P0 4 . 

3&4. A cell according to claim 3^6, wherein said source of gaseous catalyst comprises 
a salt of potassium selected from the group consisting of KF, KCI, KBr, Kl, K 2 S 2 , 
KOH, K 2 S0 4 , K 2 C0 3 , K 3 P0 4 , and K 2 GeF 4 . 

335. A cell according to claim 32t6, wherein said source of gaseous catalyst comprises 
at least one metal selected from the group consisting of Mo, Ti, and Rb. 

3a6. A cell according to claim 3,2o, wherein said source of gaseous catalyst comprises 
at least one salt selected from the group consisting of Mol 2 , TiCI 2 , TiCI 4 , SnCI 4 , 
SiCI 4 , PrBr 3 , CaBr 2 , SrCI 2 , Crl 2 , Tbl 3 , SbCI 3 CrF 3 , CoCI 2 , BiCI 3 , NiCI 2 , PdF 2 , InCI, 
LaCI 3 , DyCI 3 , Lal 3 , Hol 3 , KN0 3 , VF 3 , PbF 2 , VOCI, Pbl 2 , LuCI 3 , PbCI 2 , Asl 3 , Hol 3 , 
MoCI 5 , SnCI 4 , Sbl 3 , Cdl 2 , AgF 2 , AgF, Lal 3 , Erl 3 , VCI 4 , BCI 3 , FeCI 3 , TiCI 3 , Col 2 , CoF 2 , 
Til, TIF, BiBr 3 , ZnBr 2 , Asl 3 , Dyl 3 , HoCI 3 , MgCI 2 , CrCI 3 , PrCI 3 , SrCI 2 , FeCI 2 , NiCI 2 , 
CuCI, SrCI 2 , MoCI 2 , YCI 3 , ZrCI 4 , Cdl 2 , Bal 2 , Hol 3 , Pbl 2 , PdF 2 , LiF, EuCI 3 , MgCI 2 , 
ErCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , BiCI 4 , AICI 3 , CaBr 2 , SmBr 3 , VaF 3 , LaCI 3 , Gdl 3 , Crl 2 , Mnl 2 , 
YbBr 3 , FeBr 2 , NiCI 2 , AgCI, ZnCI 2 , YbCI 2 , SeF 4 , SnCI 4 , SnF 4 , Sbl 3 , Bil 2 , EuF 3 , and 
PbCI 2 . 
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3§7. A cell according to claim wherein said gaseous catalyst comprises at least one 
ion selected from the group consisting of Mo 2 \ Ti 2+ , and Rb + . 

3$8. A cell according to claim 32o, wherein said gaseous catalyst comprises at least one 
pair of ions selected from the group consisting of: (Sn 4+ , Si 4+ ), (Pr 3 *, Ca 2+ ), (Sr 2 * 
Cr 2 *), (Cr 3 *, Tb 3+ ), (Sb 3+ .Co 2+ ), (Bi 3+ , Ni 2+ ), (Pd 2+ , ln + ), (La 3+ , Dy 3+ ), (La 3+ , Ho 3+ ), (K + 
K + ) , (V 3 \ Pd 2+ ), (Lu 3+ , Zn 2+ ), (As 3+ , Ho 3+ ), (Mo 5+ , Sn 4+ ), (Sb 3+ , Cd 2+ ), (Ag 2+ ,Ag + ), (La 3+ 
Er 3 *), (V 4+ , B 3+ ), (Fe 3+ , Ti 3+ ), (Co 2+ , Ti + ), (Bi 3 \ Zn 2+ ), (As 3+ , Dy 3+ ), (Ho 3+ , Mg 2+ ), (K + 
Rb + ), (Cr 3 *, Pr 3 *), (Sr 2 *, Fe 2+ ), (Ni 2+ , Cu + ), (Sr 2 *, Mo 2+ ), (Y 3+ , Zr 4 *), (Cd 2+ , Ba 2+ ), (Ho 3+ 
Pb 2+ ), (Pb 2+ , Li + ), (Eu 3+ , Mg 2+ ), (Er 3 *, Mg 2+ ), (Bi 4+ , Al 3+ ), (Ca 2+ , Sm 3+ ), (V 3+ , La 3+ ) 
(Gd 3+ , Cr 2 *), (Mn 2+ , Ti + ), (Yb 3+ , Fe 2+ ), (Ni 2+ , Ag + ), (Zn 2+ , Yb 2+ ), (Se 4+ , Sn 4+ ), (Sb 3+ , Bi 2+ ) 
and (Eu 3+ , Pb 2+ ). 

33p. A cell according to claim ^26, wherein said source of gaseous catalyst comprises 
a salt of one or more cations and at least one anion selected from the group 
consisting of halides, sulfates, phosphates, carbonates, hydroxide and sulfides. 




to claim 326, wl 



A cell according to claim 3^6, wherein said gaseous catalyst comprises hydrogen 
atoms having a binding energy of about E b = 1 3.6/n 2 eV, where n is a fraction whose 
numerator is 1 and denominator is an integer greater than 1. 

341 . A cell according to claim 3£o, wherein said gaseous catalyst comprises potassium 
and has a net enthalpy of reaction of 27.28 eV. 

342. A cell according to claim 3,26, wherein said gaseous catalyst has a net enthalpy of 
reaction of about 27.2 eV. 

3ty3. A cell according to claim 3/6, wherein said cell comprises said source of said 
gaseous catalyst combined with at least one of a hydrocarbon or water disposed 
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such that said gaseous catalyst and said gaseous hydrogen atoms are capable 
being formed during combustion. 

3^4. A cell according to claim 3^6, further comprising a means for converting said source 
of catalyst to said gaseous catalyst. 

3^5. A cell according to claim 3j4, wherein said means for converting said source of 
catalyst to said gaseous catalyst comprises at least one of heat, electron-beam 
energy, photon energy, acoustic energy, electric field, or magnetic field. 

^46. A cell according to claim ^26, further comprising a filament coated with said source 
of gaseous catalyst. 

347. A cell according to claim 3^6, wherein said source of gaseous hydrogen atoms is 
selected from the group consisting of hydrogen gas, water, hydrides, metal- 
hydrogen solutions, and hydrocarbons. 

^ At 

§48. A cell according to claim 3^6, wherein said source of hydrogen atoms comprises 
a hot filament and a hydrogen containing gas stream. 

449. A cell according to claim 3,26, wherein said source of hydrogen atoms comprises a 
hot grid and a hydrogen containing gas stream. 



iim 3^6, w 



$60. A cell according to claim 3^6, wherein said source of hydrogen atoms comprises a 
heated tungsten capillary and a hydrogen containing gas stream. 

. A cell according to claim 3,2o, wherein said source of hydrogen atoms comprises a 
hydride maintained under nonequilibrium conditions. 
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3^2^A cell according to claim 3^6*, wherein said source of hydrogen atoms comprises an 
inductively coupled plasma flow tube and a hydrogen gas containing stream. 

3^53. A cell according to claim $26, wherein said source of hydrogen atoms comprises a 
hydrogen containing gas stream and a second catalyst for disassociating said 
hydrogen containing gas stream into free hydrogen atoms. 

364. A cell according to claim 3^6, wherein said source of hydrogen atoms comprises an 
internal combustion engine. 

3$5. A cell according to claim wherein said second catalyst comprises at least one 
element selected from the group consisting of transition elements, inner transition 
elements, precious metals, refractory metals, lanthanides, actinides, and activated 
charcoal. 

356. A cell according to claim 3j*3, wherein said second catalyst comprises at least one 
selected from the group consisting of an element, compound, alloy or mixture of 
transition elements, inner transition elements, iron, platinum, palladium, zirconium, 
vanadium, nickel, titanium, Sc, Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, 
La, Hf, Ta, W, Re, Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Vb, Lu, Th, Pa, U, activated charcoal, and intercalated Cs carbon. 

$57. A cell according to claim 3Ja3\ wherein said second catalyst is treated with an 
aqueous solution of K 2 C0 3 and H 2 0 2 

358. A cell according to claim 3£3, further comprising a heater to heat said second 
catalyst. 



38 



U.S. SN 08/822,170 „ , \ 

v jo y v 

3Jg9. A cell according to claim 353, further comprising a filament or grid constructed and 
arranged to dissociate hydrogen and to heat said second catalyst. 

360. A cell according to claim 3^3, further comprising means for controlling the power 
output of said cell. 

3l§1 . A cell according to claim wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of said second catalyst. 

3S2. A cell according to claim 3^, wherein said means for controlling the temperature 
of said second catalyst comprises a filament or grid. 

363. A cell according to claim 3^3, further comprising a temperature controlling structure 
capable of maintaining a selected atomic hydrogen partial pressure by controlling 
the temperature of said second catalyst. 

^4. A cell according to claim 3J8^ wherein said temperature controlling structure is at 
least one selected from the group consisting of an internal heater, an external 
heater, the catalysis of hydrogen, and a heat exchanger which removes energy from 
the cell. 

365. A cell according to claim 3^(f, wherein said source of hydrogen atoms comprises a 
means for pyrolysis of hydrocarbons or water. 

^66. A cell according to claim 32o, further comprising means to reform hydrocarbons to 
at least one of gaseous molecular and gaseous atomic hydrogen. 
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3617. A cell according to claim 3^6, further comprising a source of UV light for 
disassociating hydrogen containing molecules to form said gaseous hydrogen 
atoms. 

368. A cell according to claim ^26, further comprising a flow control means for controlling 
the flow of said source of gaseous hydrogen atoms or said gaseous hydrogen 
atoms from said chamber to said reaction vessel. 

369. A cell according to claim 3js£, wherein said flow control means comprises a valve. 

370. A cell according to claim 3^6, further comprising a flow control means for controlling 
the flow of hydrogen from said reaction vessel. 

3V1 . A cell according to claim 3J(f 9 wherein said flow control means comprises a valve. 

3^2. A cell according to claim 326, further comprising a vacuum pump constructed and 
arranged for controlling the flow of hydrogen from said reaction vessel. 

373. A cell according to claim 326, further comprising a flow control means for controlling 
the flow of said gaseous catalyst or a source of gaseous catalyst from said catalyst 
reservoir to said reaction vessel. 

3^4. A cell according to claim wherein said flow control means comprises a valve. 

3x5. A cell according claim ^2^, further comprising means for controlling the flow of 
catalyst from said reaction vessel. 

3^6. A cell according to claim 3^o, further comprising a valve constructed and arranged 
for controlling the flow of said catalyst from said reaction vessel. 
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A cell according to claim £26, further comprising a vacuum pump constructed and 
arranged for controlling the flow of said gaseous catalyst or source of gaseous 
catalyst from said reaction vessel. 

£78. A cell according to claim 3^6, further comprising a nonreactive gas. 

^79. A cell according to claim 32o f further comprising a means for controlling the amount 
of a nonreactive gas in said vessel. 

# ■ 2?f 

3£0. A cell according to claim 3^6, further comprising flow control means for controlling 
the flow of a nonreactive gas into said reaction vessel. 

£81. A cell according to claim 3^80, wherein said means for controlling the amount of 
nonreactive gas in said vessel comprises a valve constructed and arranged to 
regulate the release of said nonreactive gas from said reaction vessel. 

£82. A cell according to claim 3^o, further comprising a valve constructed and arranged 
for controlling the flow of a nonreactive gas from said reaction vessel. 

^ 72 Y 

383. A cell according to claim 3^6, further comprising a vacuum pump constructed and 
arranged for controlling the flow of a nonreactive gas from said reaction vessel. 

£84. A cell according to claim 3£6, further comprising a pump in communication with said 
reaction vessel. 

365. A cell according to claim 32#, further comprising structure for controlling the vapor 
pressure of said catalyst. 
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3§6. A cell according to claim ^85, wherein said structure for controlling the vapor 
pressure of said catalyst comprises a heater constructed and arranged to control 
z the temperature of said catalyst reservoir or said boat. 

f t 

3^7. A cell according to claim 3o5, wherein said structure for controlling the vapor 
pressure of said catalyst comprises a heater constructed and arranged to control 
the temperature of said reaction chamber. 

3Q8. A cell according to claim 32€>, further comprising structure for maintaining a selected 
vapor pressure of said gaseous catalyst. 



X" j ■ 

3^9. A cell according to claim 3p8, wherein said structure for maintaining a selected 
vapor pressure of said gaseous catalyst comprises a valve constructed and 
arranged for controlling the flow of said source of gaseous catalyst or gaseous 
catalyst from said catalyst reservoir and a valve constructed and arranged for 
controlling the flow of said source of gaseous catalyst or gaseous catalyst from said 
reaction vessel. 

§90. A cell according to claim ^88, wherein said structure for maintaining a selected 
vapor pressure of said source of gaseous catalyst or said gaseous catalyst 
comprises a valve constructed and arranged for controlling the flow of said source 
of gaseous catalyst or gaseous catalyst from said reaction vessel. 

^91 . A cell according to claim 3^6, further comprising a valve for releasing hydrogen 
atoms having a binding energy of about E b = 1 3.6/n 2 eV, where n is a fraction whose 
numerator is 1 and denominator is an integer greater than 1 or a compound 
containing said hydrogen atoms. 
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39(2: A cell according to claim 3/6, further comprising means for adsorbing energy 
released from said hydrogen atom. 

3£)3. A cell according to claim 3^6, wherein said vessel comprises an internal combustion 
chamber. 

$Q4. A cell according to claim 3$3, wherein said internal combustion chamber is an 
engine cylinder. 

3&5. A cell according to claim 3^6, further comprising means for controlling the power 
output of said cell. 

3^6. A cell according to claim wherein said means for controlling the power output 
of said cell comprises means for controlling the amount of said gaseous catalyst. 

3v7. A cell according to claim 3pff, wherein said means for controlling the amount of 
gaseous catalyst comprises means for controlling the temperature of said vessel 
and said gaseous catalyst is selected to have a vapor pressure dependent upon the 
temperature of said reaction vessel. 

^98. A cell according to claim 3£X>, wherein said means for controlling the amount of 
gaseous catalyst comprises means for controlling the temperature of said catalyst 
reservoir and said gaseous catalyst is selected to have a vapor pressure dependent 
upon the temperature of said catalyst reservoir. 

^99. A cell according to claim 3p&, wherein said means for controlling the amount of 
gaseous catalyst comprises means for controlling the temperature of said boat and 
said gaseous catalyst is selected to have a vapor pressure dependent upon the 
temperature of said boat. 
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4^0. A cell according to claim 206, wherein said means for controlling the amount of 
gaseous catalyst comprises means for controlling the flow of said source of gaseous 
catalyst or gaseous catalyst from said catalyst reservoir into said reaction vessel. 

4^1. A cell according to claim 3^6, wherein said means for controlling the amount of 
gaseous catalyst comprises means for controlling the flow of said source of gaseous 
catalyst or gaseous catalyst from said catalyst reservoir from said reaction vessel. 

A cell according to claim 3^5, wherein said means for controlling the power output 
of said cell comprises means for controlling the amount of said gaseous hydrogen 
atoms or said source of gaseous hydrogen atoms in said vessel. 

4^3. A cell according to claim 402, wherein said means for controlling the amount of said 
gaseous hydrogen atoms or said source of gaseous hydrogen atoms comprises 
means for controlling the flow of gaseous hydrogen atoms or source of said 
hydrogen atoms into said vessel. 

404. A cell according to claim 402, wherein said means for controlling the amount of said 
gaseous hydrogen atoms or said source of gaseous hydrogen atoms comprises 
means for controlling the flow of gaseous hydrogen atoms or source of said 
hydrogen atoms from said vessel. 

4fc)5. A cell according to claim ^9§, wherein said means for controlling the power output 
of said cell comprises controlling the amount of said nonreactive gas present in said 
reaction vessel. 
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4^. A cell according to claim 4^5, wherein said means for controlling the amount of 
nonreactive gas comprises means for controlling the flow of said nonreactive gas 
into said reaction vessel. 

4y7. A cell according to claim 406, wherein said means for controlling the amount of 
nonreactive gas comprises means for controlling the flow of said nonreactive gas 
from said reaction vessel. 

4$8. A cell according to claim 3&o, wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of said source of 
catalyst. 

409. A cell according to claim wherein said means for controlling the power output 
of said cell comprises means for controlling the flow of a hydrogen containing gas 
over at least one of a hot filament, a tungsten capillary heated by electron 
bombardment, or an inductively coupled plasma flow. 

4tf 0. A cell according to claim ^9^, wherein said means for controlling the power output 
of said cell comprises means for controlling the power dissipated in an inductively 
coupled plasma flow tube. 

4n 1 . A cell according to claim ^93, wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of a hot filament or 
tungsten capillary heated by electron bombardment over which a hydrogen 
containing gas flows. 

4M2. A cell according to claim 3j», wherein said means for controlling the power output 
of said cell comprises means for controlling the temperature of a hydride maintained 
under nonequilibrium conditions. 
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4J3. A cell according to claim 326, further comprising means for measuring the 
temperature of said catalyst reservoir or said boat. 

4y14. A cell according to claim 3%&, further comprising a means for measuring the 
temperature of said source of said gaseous catalyst contained in said catalyst 
reservoir or said boat. 

4\15. A cell according to claim 3,26, further comprising means for measuring the 
temperature of said reaction vessel. 

416. A cell according to claim 326, further comprising means for measuring the 
temperature of said source of said gaseous hydrogen atoms. 



4\17. A cell according to claim 3J&3, further comprising means for measuring the 
temperature said second catalyst. 

41 o. A cell according to claim 326, further comprising means to measure the cell 
temperature. 

41(19. A cell according to claim 3^d, further comprising temperature controlling structure 
constructed and arranged to maintain a temperature in said reaction vessel greater 
than a temperature in said catalyst reservoir. 

4(20. A cell according to claim 3^6, further comprising temperature controlling structure 
constructed and arranged to maintain a temperature in said reaction vessel greater 
than a temperature in said boat. 
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A cell according to claim 326^, further comprising temperature controlling structure 
for maintaining a selected temperature of said reaction vessel. 

42^2. A cell according to claim 3£o, further comprising a nebulizer or atomizer. 

T [ ft* 

423. A cell according to claim 3^6, further comprising means to measure the pressure 
in said reaction vessel. 

4*4. A cell according to claim 3^6, further comprising means to measure the hydrogen 
pressure in said reaction vessel. 

4£5. A cell according to claim 3^26, further comprising means to measure the gaseous 
catalyst pressure in said reaction vessel. 

4?6. A cell according to claim 326, wherein said vessel is capable of containing a 
pressure within the range of 10" 3 atmospheres to 100 atmospheres. 

^27. A method for extracting energy from hydrogen atoms comprising the steps of: 

volatizing a source of gaseous catalyst to form a gaseous catalyst having a 
net enthalpy of reaction of about 27 * (p/2) eV, where p is an integer greater than 

1; 

providing gaseous hydrogen atoms; and 

reacting said gaseous catalyst with said gaseous hydrogen atoms, thereby 
releasing energy from said gaseous hydrogen atoms and producing hydrogen 
atoms having a binding energy of about E b = 1 3.6/n 2 eV, where n is a fraction whose 
numerator is 1 and a denominator is an integer greater than 1 . 

4^8. A method according to claim 4*7, wherein said source of gaseous catalyst 
comprises an ionic compound which is resistant to hydrogen reduction. 
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429. A method according to claim 427, wherein said source of gaseous catalyst 
comprises an ionic compound which is resistant to hydrogen reduction and which 
is adapted to sublime, boil or become volatile when heated. 

4$0. A method according to claim 4/7, wherein said source of gaseous catalyst 
comprises an ionic compound which is adapted to sublime, boil or become volatile 
when heated. 

1. A method according to claim 4^, wherein said source of gaseous catalyst 
comprises an ionic compound which is resistant to thermal degradation. 

4(32. A method according to claim ffi, wherein said source of gaseous catalyst 
comprises a salt of rubidium or potassium. 

433. A method according to claim ^7, wherein said source of gaseous catalyst 
comprises a salt that can form a vapor comprising ions when heated. 

4S4. A method according to claim 42t, wherein said source of gaseous catalyst 
comprises a salt of rubidium selected from the group consisting of RbF, RbCI, RbBr, 
Rbl, Rb 2 S 2> RbOH, Rb 2 S0 4 , Rb 2 C0 3f and Rb 3 P0 4 . 

435. A method according to claim 4/27,. wherein said source of gaseous catalyst 
comprises a salt of potassium selected from the group consisting of KF, KCI, KBr, 
Kl, K 2 S 2 , KOH, K 2 S0 4 , K 2 C0 3 , K 3 P0 4 , and K 2 GeF 4 . 

4,36. A method according to claim 4^f , wherein said source of gaseous catalyst 
comprises at least one metal selected from the group consisting of Mo, Ti, and Rb. 
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A method according to claim 427, wherein said source of gaseous catalyst 
comprises at least one salt selected from the group consisting of Mol 2 , TiCI 2 , TiCI 4 , 
SnCI 4 , SiCI 4 , PrBr 3 , CaBr 2 , SrCI 2 , Crl 2 , Tbl 3 , SbCI 3 , CrF 3> CoCI 2 , BiCI 3 , NiCI 2 , PdF 2 , 
InCI, LaCI 3 , DyCI 3 , Lal 3 , Hol 3 , KN0 3 , VF 3 , PbF 2 , VOCI, Pbl 2 , LuCI 3 , PbCI 2 , Asl 3 , Hol 3> 
MoCI 5 , SnCI 4 , Sbl 3 , Cdl 2 , AgF 2 , AgF, Lal 3 , Erl 3 , VCI 4 , BCI 3 , FeCI 3 , TiCI 3 , Col 2 , CoF 2 , 
Til, TIF, BiBr 3 , ZnBr 2 , Asl 3 , Dyl 3 , HoCI 3 , MgCI 2 , CrCI 3 , PrCI 3 , SrCI 2 , FeCI 2 , NiCI 2 , 
CuCI, SrCI 2 , MoCI 2 , YCI 3 , ZrCI 4 , Cdl 2 , Bal 2 , Hol 3 , Pbl 2 , PdF 2 , LiF, EuCI 3 , MgCI 2 , 
ErCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , BiCI 4 , AICI 3 , CaBr 2 , SmBr 3 , VaF 3 , LaCI 3 , Gdl 3 , Crl 2 , Mnl 2 , 
YbBr 3 , FeBr 2 , NiCI 2 , AgCI, ZnCI 2> YbCI 2 , SeF 4 , SnCI 4 , SnF 4 , Sbl 3 , Bil 2 , EuF 3 , and 
PbCI 2 . 

4$8. A method according to claim 427, wherein said gaseous catalyst comprises at least 
one ion selected from the group consisting of Mo 2+ , Ti 2 \ and Rb + . 

439. A method according to claim 4-2?, wherein said gaseous catalyst comprises at least 
one pair of ions selected from the group consisting of: (Sn 4+ , Si 4+ ), (Pr 3 *, Ca 2+ ), (Sr 2 * 
Cr 2 *), (Cr 3 *, Tb 3+ ), (Sb 3+ ,Co 2+ ), (Bi 3+ , Ni 2+ ), (Pd 2+ , ln + ), (La 3+ , Dy 3+ ), (La 3+ , Ho 3+ ), (K + 
K + ) , (V 3+ , Pd 2+ ), (Lu 3+ , Zn 2+ ), (As 3+ , Ho 3+ ), (Mo 5+ , Sn 4+ ), (Sb 3+ , Cd 2+ ), (Ag 2+ ,Ag + ), (La 3+ 
Er 3 *), (V 4 \ B 3+ ), (Fe 3+ , Ti 3+ ), (Co 2+ , Ti + ), (Bi 3+ , Zn 2+ ), (As 3+ , Dy 3+ ), (Ho 3+ , Mg 2+ ), (K + 
Rb + ), (Cr*, Pr 3 *), (Sr 2 *, Fe 2+ ), (Ni 2+ , Cu + ), (Sr 2 *, Mo 2+ ), (Y 3+ , Zr 4 *), (Cd 2+ , Ba 2+ ), <Ho 3+ 
Pb 2+ ), (Pb 2+ , Li + ), (Eu 3+ , Mg 2+ ), (Er 3 *, Mg 2+ ), (Bi 4+ , Al 3+ ), (Ca 2+ , Sm 3+ ), (V 3+ , La 3+ ) 
(Gd 3+ , Cr 2 *), (Mn 2+ , Ti + ), (Yb 3+ , Fe 2+ ), (Ni 2+ , Ag + ), (Zn 2+ , Yb 2+ ), (Se 4+ , Sn 4+ ), (Sb 3+ , Bi 2+ ) 
and (Eu 3+ , Pb 2+ ). 
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440. A method according to claim 4 / 27 ', wherein said source of gaseous catalyst 
comprises a salt of one or more cations and at least one anion selected from the 
group consisting of halides, sulfates, phosphates, carbonates, hydroxide and 
sulfides. 



49 



U^N 08/822,170 

4^1k 'A method according to claim 4^7, wherein said gaseous catalyst comprises 
hydrogen atoms having a binding energy of about E b = 13.6/n 2 eV, where n is a 
fraction whose numerator is 1 and denominator is an integer greater than 1. 

4^2. A method according to claim 4^7, wherein said catalyst is selected to have a 
resonant adsorption with the energy released from said gaseous hydrogen atoms 
undergoing a transition to a lower energy state. 

4^3. A method according to claim 4^7, wherein said gaseous catalyst comprises 
potassium and has a net enthalpy of reaction of 27.28 eV. 

444. A method according to claim 4fl, wherein said gaseous catalyst has a net enthalpy 
of reaction of about 27.2 eV. 

445. A method according to claim 4^7, further comprising the step of combining a source 
of gaseous catalyst with a source of gaseous hydrogen atoms comprising at least 
one of a hydrocarbon or water, and providing combustion which volatizes said 
source of gaseous catalyst to form said gaseous catalyst and provide said gaseous 
hydrogen atoms. 

446. A method according to claim further comprising the step of forming said source 
of gaseous catalyst or said gaseous catalyst in situ. 

kty7. A method according to claim 4^ wherein said step of forming said source of 
gaseous catalyst or said gaseous catalyst in situ comprises the ionization of a 
reactant. 

^48. A method according to claim j47, wherein said step of ionization comprises thermal 
ionization of said reactant. 
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4^9. A method according to claim 4\7, wherein said step of ionization comprises 
chemical ionization of said reactant. 

4^0. A method according to claim 4^9, wherein said step of chemical ionization 
comprises oxidation or reduction of said reactant. 

^ <^ 

4^1. A method according to claim 4^7, wherein said step of volatizing said source of* 
catalyst to form said gaseous catalyst utilizes energy from at least one of heat, 
electron-beam energy, photon energy, acoustic energy, electric field, or magnetic 
field. 

452. A method according to claim A^f, wherein said step of volatizing said source of 
catalyst comprises the step of heating a filament coated with said source of said 
gaseous catalyst. 

4^3. A method according to claim 4^7, wherein said step of volatizing said source of 
gaseous catalyst to form said gaseous catalyst comprises the steps of volatizing 
said material to form gaseous atoms and ionizing said gaseous atoms to form ions. 

4^4. A method according to claim 4^7, further comprising adding a source of catalyst to 
said reaction vessel and heating said source of catalyst to form said gaseous 
catalyst. 

455. A method according to claim 4V, wherein said source of catalyst is provided in a 
catalyst reservoir comprising a container separate from said reaction vessel and 
said container communicates with said reaction vessel. 
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4^6. A method according to claim 4^7, wherein said source of catalyst is provided in a 
boat contained within said reaction vessel. 

457. A method according to claim 427, wherein said step of providing hydrogen atoms 
comprises the steps of disassociating a hydrogen containing compound into 
hydrogen atoms. 

\58. A method according to claim 427, wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas over a hot filament. 

,0 .vkh *is 

y 459. A method according to claim 4V, wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas over a hot grid. 

^60. A method according to claim 4^7, wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas through a tungsten 
capillary heated by electron bombardment. 

^61 . A method according to claim 4^7, wherein said step of providing hydrogen atoms 
comprises the steps of maintaining a hydride under nonequilibrium conditions. 

4S2. A method according to claim 427, wherein said step of providing hydrogen atoms 
comprises the steps of passing a hydrogen containing gas through an inductively 
coupled plasma flow tube. 

463. A method according to claim 4^7, wherein said step of providing hydrogen atoms 
comprises the steps of contacting a hydrogen containing gas with a second catalyst 
for disassociating said hydrogen containing gas into free hydrogen atoms. 
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464. A method according to claim 4J83, wherein said second catalyst comprises at least 
one element selected from the group consisting of transition elements, inner 
transition elements, precious metals, refractory metals, lanthanides, actinides and 
activated charcoal. 

4§5. A method according to claim 4^3, wherein said second catalyst is selected from the 
group consisting of an element, compound, alloy or mixture of transition elements, 
inner transition elements, iron, platinum, palladium, zirconium, vanadium, nickel, 
titanium, Sc, Cr, Mn, Co, Cu, Zn, Y, Nb, Mo, Tc, Ru, Rh, Ag, Cd, La, Hf, Ta, W, Re, 
Os, Ir, Au, Hg, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Vb, Lu, Th, Pa, U, 
activated charcoal, and intercalated Cs carbon. 

466. A method according to claim 4£3 t further comprising the step of utilizing a hot 
filament or hot grid to disassociate a hydrogen containing gas into gaseous 
hydrogen atoms and to heat said second catalyst. 

467. A method according to claim 4^3, further comprising the step of controlling the 
power output of said cell. 

4^8. A method according to claim 4$1 , wherein said step of controlling the power output 
of said cell comprises controlling the temperature of said second catalyst. 

4^9. A method according to claim 4^8, wherein said step of controlling the temperature 
of said second catalyst comprises utilizing a heated filament or grid. 

47Q. A method according to claim ^27, wherein said source of gaseous hydrogen atoms 
is selected from the group consisting of hydrogen gas, water, hydrides, metal- 
hydrogen solutions, and hydrocarbons. 
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4%1 . A method according to claim 4^7, wherein said step of providing gaseous hydrogen 
atoms comprises pyrolyzing hydrocarbons or water. 

472. A method according to claim Apuf, further comprising the step of reforming 
hydrocarbons to at least one of gaseous molecular and gaseous atomic hydrogen. 

4%3. A method according to claim 4Jtf , further comprising the step of disassociating 
hydrogen containing molecules using UV light to form said gaseous hydrogen 
atoms. 

4V4. A method according to claim 4^7, further comprising the step of controlling the 
amount of gaseous hydrogen provided in said reaction vessel. 

4V5. A method according to claim 4/7, further comprising the step of controlling the flow 
of a source of gaseous hydrogen atoms or said gaseous hydrogen atoms from a 
chamber to said reaction vessel. 

^76. A method according to claim 4fu, further comprising the step of utilizing a valve 
for controlling the flow of gaseous hydrogen or source of gaseous hydrogen from 
said reaction vessel. 

4^7. A method according to claim 4pf, further comprising the step of controlling the flow 
of gaseous hydrogen or source of gaseous hydrogen from said reaction vessel. 

4V8. A method according to claim 4^7, further comprising the step of utilizing a vacuum 
pump for controlling the flow of gaseous hydrogen or source of gaseous hydrogen 
from said reaction vessel. 
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4x9. A method according to claim 4£7, further comprising the step of utilizing a valve 
for controlling the flow of gaseous hydrogen or source of gaseous hydrogen from 
a chamber into said reaction vessel. 

4§0. A method according to claim 4^7, further comprising controlling the partial pressure 
of said gaseous hydrogen atoms. 

481. A method according to claim 4^7, wherein a partial pressure of said gaseous 
hydrogen atoms or source of gaseous hydrogen atoms in said reaction vessel is 
maintained within the range of 10' 3 atmospheres to 100 atmospheres. 

482. A method according to claim 4^7, further comprising controlling the amount of 
gaseous catalyst or source of gaseous catalyst introduced into said reaction vessel. 

4§3. A method according to claim 4 / 27 , further comprising controlling the flow of gaseous 
catalyst or source of gaseous catalyst from a catalyst reservoir containing gaseous 
catalyst or a source of gaseous catalyst to said reaction vessel. 

484. A method according to claim 42f7, further comprising controlling the flow of gaseous 
catalyst or source of gaseous catalyst from a boat containing gaseous catalyst or 
a source of gaseous catalyst. 

4^85. A method according to claim 427 , further comprising the step of controlling the flow 
of said gaseous catalyst or said source of gaseous catalyst from said reaction 
vessel. 

436. A method according to claim 427, further comprising the step of controlling the 
vapor pressure of said gaseous catalyst or source of gaseous catalyst in said 
reaction vessel. 
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4^7. A method according to claim 4^7, wherein a vapor pressure of said gaseous 
catalyst or said source of gaseous catalyst is maintained at about 50 to 21 0 millitorr. 

^68. A method according to claim 42^, further comprising using a vacuum pump to 
control the flow of said catalyst or said source of gaseous catalyst from said reaction 
vessel. 

489. A method according to claim 4Jl, further comprising using a valve to control the 
flow of said source of gaseous catalyst or said catalyst from a catalyst reservoir into 
said reaction vessel. 

4y0. A method according to claim 427, further comprising using a valve to control the 
flow of said source of gaseous catalyst or said catalyst from said reaction vessel. 

4^1. A method according to claim 4^7, further comprising the step of supplying a 
nonreactive gas to said reaction vessel. 

4^2. A method according to claim 4£f , further comprising the step of controlling the 
vapor pressure of said nonreactive gas in said reaction vessel. 

493. A method according to claim 4p£, further comprising the step of controlling the flow 
of said nonreactive gas supplied to said reaction vessel. 

404. A method according to claim 4p/i, further comprising the step of controlling the 
amount of said nonreactive gas released from said reaction vessel. 

A method according to claim 4pi, further comprising utilizing a vacuum pump for 
controlling the flow of said nonreactive gas from said reaction vessel. 
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j@6. A method according to claim further comprising the step of utilizing a valve for 
controlling the flow of said nonreactive gas from said reaction vessel. 

4#t. A method according to claim 4#2, further comprising the step of utilizing a valve for 
controlling the flow of said nonreactive gas into said reaction vessel. 

zip 

j$8. A method according to claim 4^7, further comprising the step of controlling the 
vapor pressure of said gaseous catalyst in said reaction vessel. 

f V 499. A method according to claim 4«8, wherein said step of controlling the vapor 
pressure of said gaseous catalyst comprises controlling the temperature in a 
catalyst reservoir containing a source of gaseous catalyst or said gaseous catalyst 
and being in communication with said reaction vessel, and controlling the flow of 
gaseous catalyst from said catalyst reservoir. 

£0b. A method according to claim tyd8, wherein said step of controlling the vapor 
pressure of said gaseous catalyst comprises controlling the temperature in a boat 
containing a source of gaseous catalyst or said gaseous catalyst and being 
contained in said reaction vessel, and controlling the flow of gaseous catalyst from 
said boat. 

5,01. A method according to claim 4^?, further comprising the step of controlling the 
temperature in a catalyst reservoir containing a source of gaseous catalyst or said 
gaseous catalyst and being in communication with said reaction vessel. 

5p&. A method according to claim ^27, further comprising the step of controlling the 
temperature in a boat containing a source of gaseous catalyst or said gaseous 
catalyst and being contained in said reaction vessel. 
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^3. A method according to claim 427, wherein the reaction to provide a net enthalpy of 
about 27 (p/2) eV, where p is a positive integer greater than 1, comprises an 
electrochemical, chemical, photochemical, thermal, free radical, sonic, nuclear, 
inelastic photon, or particle scattering reaction, or mixtures thereof. 

5J24. A method according to claim 427, wherein a pressure in said reaction vessel is 
maintained within the range of 10~ 3 atmospheres to 100 atmospheres. 

5Jo5. A method according to claim 4,27, wherein said reaction occurring at a pressure less 
than atmospheric pressure. 

5^6. A method according to claim 4^f , further comprising the step of releasing hydrogen 
atoms from said reaction vessel having a binding energy of about E b = 13.6/n 2 eV, 
where n is a fraction whose numerator is 1 and denominator is an integer greater 
than 1 or a compound containing said hydrogen atoms. 

^7. A method according to claim 4^7, further comprising the step of adsorbing said 
released energy. 

5^8. A method according to claim ^zf , further comprising the step of converting energy 
released from said hydrogen atom into electrical energy. 

§69. A method according to claim 4£7, wherein said reaction step is conducted in an 
internal combustion chamber. 

^10. A method according to claim §09, wherein said internal combustion chamber is an 
engine cylinder. 
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A method according to claim 4^7, further comprising the step of controlling the 
power output of said cell. 

&l 2. A method according to claim 5/H , wherein said step of controlling the power output 
of said cell comprises controlling the amount of said gaseous catalyst present in 
said reaction vessel. 

^13. A method according to claim 5^2, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the temperature of said reaction vessel and 
selecting said gaseous catalyst to have a vapor pressure dependent upon the 
temperature of said reaction vessel. 

&14. A method according to claim 5^2, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the temperature of a catalyst reservoir 
containing a source of gaseous catalyst or said gaseous and being in 
communication with said reaction vessel, and selecting said gaseous catalyst to 
have a vapor pressure dependent upon the temperature of said catalyst reservoir. 

£)15. A method according to claim 5^, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the flow of said source of gaseous catalyst 
or gaseous catalyst from said catalyst reservoir into said reaction vessel. 

516. A method according to claim tyi, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the flow of said source of gaseous catalyst 
or gaseous catalyst from said reaction vessel. 

^7. A method according to claim 5/2, wherein said step of controlling the amount of 
gaseous catalyst comprises controlling the temperature of a boat containing a 
source of gaseous catalyst or said gaseous and being contained in said reaction 



59 




U.S. SN 08/822,170 

vessel, and selecting said gaseous catalyst to have a vapor pressure dependent 
upon the temperature of said boat. 

5^8. A method according to claim 5>1 , wherein said step of controlling the power output 
of said cell comprises controlling the amount of said gaseous hydrogen atoms or 
source of gaseous hydrogen atoms present in said reaction vessel. 

3^9. A method according to claim 5>^, wherein said step of controlling the amount of 
said gaseous hydrogen atoms or source of gaseous hydrogen atoms comprises 
controlling the flow of gaseous hydrogen atoms or source of gaseous hydrogen 
atoms into said reaction vessel. 

^20. A method according to claim 5Jrf$, wherein said step of controlling the amount of 
said source of gaseous hydrogen atoms or gaseous hydrogen atoms comprises 
controlling the flow of said source of gaseous hydrogen atoms or gaseous hydrogen 
atoms from said reaction vessel. 

&21 . A method according to claim 5/§, wherein said step of controlling the amount of 
said source of gaseous hydrogen atoms or gaseous hydrogen atoms comprises 
controlling the temperature of a second catalyst for dissociating a hydrogen 
containing compound into gaseous hydrogen atoms. 

5^2. A method according to claim §21^ wherein said step of controlling the temperature 
of a second catalyst for dissociating a hydrogen containing compound into gaseous 
hydrogen atoms comprises controlling the power dissipated in a second catalyst 
heater. 
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55^3. A method according to claim , wherein said step of controlling the power output 
of said cell comprises controlling the amount of nonreactive gas in said reaction 
vessel. 

f^>4. A method according to claim £23, wherein said step of controlling the amount of 
nonreactive gas in said reaction vessel comprises controlling the flow of nonreactive 
gas into said reaction vessel. 

525. A method according to claim §24, wherein said step of controlling the amount of 
nonreactive gas in said reaction vessel comprises controlling the flow of nonreactive 
gas from said reaction vessel. 

5^6. A method according to claim , wherein said step of controlling the power output 
of said cell comprises controlling the temperature of a source of gaseous catalyst. 

927. A method according to claim , wherein said step of controlling the power output 
of said cell comprises controlling the flow of a hydrogen containing gas over at least 
one of a hot filament, a tungsten capillary heated by electron bombardment, or an 
inductively coupled plasma flow. 

528. A method according to claim 5>H, wherein said step of controlling the power output 
of said cell comprises controlling the power dissipated in an inductively coupled 
plasma flow tube, hot filament or grid, or tungsten capillary heated by electron 
bombardment. 

&29. A method according to claim £H , wherein said step of controlling the power output 
of said cell comprises controlling the temperature of a hot filament or tungsten 
capillary heated by electron bombardment over which a hydrogen containing gas 
flows. 
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900. A method according to claim 5\1 , wherein said step of controlling the power output 
of said cell comprises controlling the temperature of a hydride maintained under 
nonequilibrium conditions. 

^31 . A method according to claim 42$, wherein a temperature in said reaction vessel is 
maintained at a higher temperature than in a catalyst reservoir in communication 
with said reaction vessel or a boat contained within said reaction vessel. 

532. A method according to claim , further comprising the step of measuring the 
temperature of a catalyst reservoir in communication with said reaction vessel or a 
boat contained in said reaction vessel. 

583. A method according to claim 4,27, further comprising the step of measuring the 
temperature of a source of said gaseous catalyst contained in a catalyst reservoir 
in communication with said reaction vessel or a boat contained within said reservoir. 

584. A method according to claim 4,27, further comprising the step of measuring the 
temperature of a chamber containing a source of said hydrogen atoms in 
communication with said reaction vessel. 

585. A method according to claim tyu, further comprising the step of measuring the 
temperature of a source of said gaseous hydrogen atoms. 

5§6. A method according to claim 4£3, further comprising the step of measuring the 
temperature of said second catalyst. 

Ufa rp 

5S7. A method according to claim £27, further comprising the step of controlling the 
temperature of said reaction vessel. 
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S(38. A method according to claim 4^7, further comprising utilizing a nebulizer or atomizer 
to form said gaseous catalyst. 

589. A method according to claim 42?, further comprising the step of measuring the 
pressure in said reaction vessel. 

340. A method according to claim 4?Y, further comprising the step of controlling the 
pressure in said reaction vessel. 

5V1. A method according to claim 4^7, further comprising the step of measuring the 
hydrogen pressure in said reaction vessel. 

542. A method according to claim 4?f 9 further comprising the step of measuring the 
gaseous catalyst pressure in said reaction vessel. 

5^3. A method according to claim 42?, further comprising the step of converting energy 
released from said gaseous hydrogen atoms into electrical energy. 

544. A method according to claim 42?, further comprising controlling the pressure of said 
gaseous catalyst by controlling the amount of said source of catalyst being added 
to said reaction vessel. 

A cell comprising: 

a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 
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a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen. 



5^. A cell comprising: 

a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 

a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen and releasing 
energy from said hydrogen atom, wherein said gaseous catalyst comprises 
hydrogen atoms having a binding energy of about E b = 13.6/n 2 eV, where n is a 
fraction whose numerator is 1 and denominator is an integer greater than 1. 



5^7. A cell comprising: 

a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 

a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen and releasing 
energy from said hydrogen atom, wherein said source of gaseous catalyst 
comprises at least one salt selected from the group consisting of RbF, RbCI, RbBr, 
Rbl, Rb 2 S 2 , RbOH, Rb 2 S0 4 , Rb 2 C0 3 , Rb 3 P0 4( KF, KCI, KBr, Kl, K 2 S 2) KOH, K 2 S0 4 , 
K 2 C0 3 , K 3 P0 4 , and K 2 GeF 4 . 

5A$. A cell comprising: 



4 ^ 
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a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 

a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen and releasing 
energy from said hydrogen atom, wherein said gaseous catalyst comprises at least 
one ion selected from the group consisting of Mo 2+ , Ti 2 \ and Rb + . 

5^9. A cell comprising: 

a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 

a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen and releasing 
energy from said hydrogen atom, wherein said source of gaseous catalyst 
comprises at least one metal selected from the group consisting of Mo, Ti, and Rb. 

sW A cell comprising: 

a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 

a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen and releasing 
energy from said hydrogen atom, wherein said source of gaseous catalyst 
comprises at least one salt selected from the group consisting of Mol 2 , TiCI 2 , TiCI 4 , 
SnCI 4 , SiCI 4) PrBr 3 , CaBr 2 , SrCI 2 , Crl 2 , Tbl 3 , SbCI 3 , CrF 3 , CoCI 2 , BiCI 3 , NiCI 2 , PdF 2 , 
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InCI, LaCI 3 , DyCI 3 , Lal 3 , Hol 3 , KN0 3 , VF 3 , PbF 2 , VOCI, Pbl 2 , LuCI 3 , PbCI 2 , Asl 3 , Hol 3 , 
MoCI 5 , SnCI 4l Sbl 3 , Cdl 2 , AgF 2 , AgF, Lal 3 , Erl 3 , VCI 4 , BCI 3 , FeCI 3> TiCI 3 , Col 2 , CoF 2 , 
Til, TIF, BiBr 3 , ZnBr 2 , Asl 3 , Dyl 3 , HoCI 3 , MgCI 2 , CrCI 3 , PrCI 3 , SrCI 2 , FeCI 2 , NiCI 2 , 
CuCI, SrCI 2 , MoCI 2) YCI 3 , ZrCI 4 , Cdl 2 , Bal 2 , Hol 3 , Pbl 2 , PdF 2 , LiF, EuCI 3 , MgCI 2 , 
ErCI 3 , MgCI 2 , ErCI 3 , MgCI 2 , BiCI 4 , AICI 3 , CaBr 2 , SmBr 3 , VaF 3 , LaCI 3 , Gdl 3 , Crl 2 , Mnl 2 , 
YbBr 3 , FeBr 2 , NiCI 2 , AgCI, ZnCI 2 , YbCI 2 , SeF 4 , SnCI 4 , SnF 4 , Sbl 3 , Bil 2 , EuF 3 , and 
PbCI 2 . 

5§1. A cell comprising: 

a reaction vessel capable of containing a vacuum or pressures greater than 
atmospheric; 

a source of hydrogen atoms; and 

a source of a gaseous catalyst or a gaseous catalyst capable of accepting 
energy from atomic hydrogen thereby catalyzing a transition of the electron of 
atomic hydrogen to a state lower than that of uncatalyzed hydrogen and releasing 
energy from said hydrogen atom, wherein said gaseous catalyst comprises at least 
one pair of ions selected from the group consisting of: (Sn 4 \ Si 4+ ), (Pr 3 *, Ca 2+ ), (Sr 2 *, 
CO, (Cr 3 *, Tb 3+ ), (Sb 3+ ,Co 2+ ), (Bi 3+ , Ni 2+ ), (Pd 2+ , In"), (La 3 \ Dy 3+ ), (La 3 \ Ho 3+ ), (K\ 
K + ) , (V 3+ , Pd 2+ ), (Lu 3 \ Zn 2+ ), (As 3 \ Ho 3+ ), (Mo 5+ , Sn 4+ ), (Sb 3+ , Cd 2+ ), (Ag 2+ ,Ag + ), (La 3 \ 
Er 3+ ), (V 4+ , B 3+ ), (Fe 3 \ Ti 3+ ), (Co 2+ , Ti + ), (Bi 3+ , Zn 2+ ), (As 3 \ Dy 3+ ), (Ho 3+ , Mg 2+ ) f (K\ 
Rb + ), (Cr 3 *, Pr 3 '), (Sr 2 *, Fe 2+ ), (Ni 2+ , Cu + ), (Sr 2 *, Mo 2+ ), (Y 3+ , Zr**), (Cd 2+ , Ba 2+ ), (Ho 3+ , 
Pb 2+ ), (Pb 2+ , Li + ), (Eu 3+ T Mg 2+ ) f (Er 3 \ Mg 2+ ), (Bi 4+ , Al 3+ ), (Ca 2+ , Sm 3+ ), (V 3+ , La 3+ ), 
(Gd 3+ , Cr 2 ^, (Mn 2 \ Ti + ), (Yb 3+ , Fe 2+ ), (Ni 2+ , Ag + ), (Zn 2+ , Yb 2+ ), (Se 4+ , Sn 4+ ), (Sb 3 \ Bi 2+ ), 
and (Eu 3+ , Pb 2+ ). 
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